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ABSTRACT

Among plant nutrient elements, N is the most important but more than 60% is lost when farmers
apply it into soil. Biopolymers have been an emerging field of study in agriculture for many years which
are used as fertilizers coating. In this study, biopolymers were used as a nutrient release-controlling
material. Urea fertilizer was coated with two different types of biopolymers, which are polyvinyl alcohol
(PVA) and polyvinylpyrrolidone (PVP). These biopolymers can reduce the loss of nitrogen from coated
fertilizer. The urea granules were sprayed with PVA and PVP solutions in a rotary drum, by varying the
ratios per mass 2:0 (EUF1), 1:0 (EUF2), 1:0.25 (EUF3), 1:0.5 (EUF4), 1:1 (EUF5), and 1:2 (EUF6),
respectively. To understand the release of the nutrient in the encapsulated urea fertilizer (EUF),
a mathematical model of Fick’s law was used to predict the releasing behaviors. The »n value from 0.5 to
1.0 is a mechanism of nutrient release for non-Fickian diffusion. The results showed that the predicted n
values of between 0.86-0.98 illustrated a strong non-Fickian diffusion while un-coated urea was 0.70. It
could be concluded that the high n value refers to the longer nutrient release that benefits plant absorption.
The morphology of granules was observed by using scanning electron micrographs, which illustrated the
characteristics of coating materials. It was found that there were more than one form, including plates,
needles, and bundles. Determination of the chemical functional groups in the sample was performed using
FT-IR spectroscopy. The spectrum of the blend was similar to the spectrum of urea. This might be
because the amount of coating materials was markedly smaller than that of solid pure urea.

According to the mathematical model of Fick’s law from previous experiment, EUF2 and EUF3
showed the highest n value, so they were used to evaluate plant growth parameters as compared with
EUF6 which showed the lowest n value. Pots were arranged in a completely randomized design in the
greenhouse. The EUF2, EUF3, and EUF6 were used as the fertilizer for Chinese kale (Brassica
alboglabra Bailey) cultivation. EUF2 and EUF3 showed the highest stem fresh weight, root fresh weight,
stem dry weight, and root dry weight over plants with urea and the control. The high N accumulation in
plant was found in EUF2, EUF3, EUF6, and urea, whereas PVA, PVP, and the control showed low N
accumulation. This indicates that EUF2, EUF3, and EUF6 could improve agricultural products due to high

N accumulation or less N loss.
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cm” YD -CH;-, -CH,-, 1ta¢ CH- groups (Qiao et al., 2010)
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Y

(b) PVA/PVP (1:0), (EUF2); (c) PVA/PVP (1:0.25), (EUF3); (d) PVA/PVP (1:0.5),
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a

a d a a A Y+ = T A A v a
3.5 wamnzrimsagAvlavesiislasmsliijoaSavtialimasy nazndeudearslulenwed-
d
13195 PVA 1ag PVP
9 P o a ' = = Y ~ '
AL U (Brassica oleracea) Naunnilasglundliowsuazilgniuuinluldszmadu gaang
Y o = 1< A @ Y 2 o 9
1dniu vuaeuazdszmalne orgnumendszuiw 45-55 7u awisodgnldaaeail dnaziin
9 a a A I A A v o ¥
AoamisIge s gelumsnsayanla Taomwizsig luTasnuwiesnniluisiuaiuvesdduas
' 9
Tu wuzih lumsldijevesdnazthlaenalyl Ao 40 Alansu N /15 Anagthaunsovuldluauuny
A Aa 4 = I <) 1 a 1 1 = dy
Nnytianlanugauanysaigalnudlu nsailuaia (pH) ¥0IaUDYIZ1IN 5.5-6.8 azlaNuaru 1y
a ° Y 3 a 9 Aa a Y a = = 1
Augaaiaue deamsuaaaaui azinsaaulalaalugungiimaes 20 oerusadea uan
1 a YA
AWTONUMUADANINY AN IAA
<3 [ 1 a Aa Al I I 1 Y [ 1 + 3 1w
NUAI0819aUgnu NI IR Aanudlunsailuais (pH) Arednstaiu fo:dr midy 1:1
4 ] o 2 1 go} ! v 4 . .« .
A101A309 pH meter AN15171 11l (EC) das1dau $Jo:11 M1y 1:5 82010504 Electrical Conductivity
a Ia =1 [ 9 ax a 4 9 am .
Meter 1AT1EHBUNTYING (OM) #2875 Walkley and Black (Black,1965) 235161 N 21875 Kjeldahl

Y Yy a a o ] v 9 4 i
(Bremner, 1996) 19 %P #1875 Vanadomolybdate (Hesse, 1971) U511 K A87ARUIAT Y Atomic

a 4 a1 a o {
Absorption Spectrophotometer (Jones, 2001) WANIIAATIEHAUANUAAN VOIAUALLEAIIUAITIN 3

M1 3 paauiavesauaegneuilgninazihlunszans

LM ENGEY AT
pH (water, 1:1) 7.75
OM (%) 7.4

EC (mS/cm) 0.33
Available N (mg/kg) 0.37
Available P (mg/kg) 29.6
Available K (mg/kg) 877.15

WANIHANVIINNAZ N
Y Y 3 o 2 Y Y o ¥
wanisnaaesesaagl1ai EUF2 wag EUR3 Tdwa dinindauazinninuiaes didu
3 I~ 1 3 { o 1
510 gaga wamsan1sldimiun azdiluisnianuamnsolunsgaldsig lulaswulddidiu
1 A Y Av o = J Aa 4 Aq Y A < ~
A199) ¥eaNy 1ad uazwan1339edanudninais luTenednes PVA uaz PVP fllsndeulailogise

1 = 901 o [
(BUF2 waz EUR3) TWamsazauilsna TuTasnugega Taog Idnmimingauavesie (15190 4)
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Az Nl1¥ileans EUF2 uay EUF3 IWwane 11Hina1du a9 uazuria iniyuseauied fy uag
v

ERT

< Y1 o a PR A (=) A a a
ﬂgWiullﬂ'ﬂﬂ'Jﬁ']ﬁll‘UT@W@ﬁLllﬂﬁ‘VN PVA vi50 PVP ulllllWaGluﬂ’]ﬁlWllﬂ’]ﬁH]ﬁﬂJm‘UI@ﬂzu’]

o w

HANITNABDINITIANINEIIVEIEIAUNDI IdAuanAInanaee1elifod 1A b

Taoi389910 958 EUF2, EUF3 #agEUF6 (113199 5) A2108195 10090 1ANA 1NN 1ad Ao g191)

v 4 v A

) A 14 Y] j’ A Y Y
sdrngealuganisnaaesnlailegas EUR2 uaznamsiaasinuinluvesazihlvaigaluganis

Q Q

= 2

]
~ 14 ~ o & dy ~ = I A o w I o
ﬂﬁ@ﬂﬂiﬁﬂ‘ﬂgﬁﬂ EUF2, EUF3 iag EUF6 A14a1A1 %Qwuﬂiﬂﬂﬂlﬂuﬁﬂﬁ']ﬂﬂlulw31$L1J1W]'Jﬂ']§
4

N o

MUANUNTVUAUNDNTHNAATINIAVDINYS (Monteith, 1977) tag (Watson, 1958; Nanda et al., 1995)

Do

=S a

d' 1 @ S o Y o ¥ Y = [ 1+ '
AN 4 VIV UNTALAZ HITUNHUNIVDIAAULAL T INVDINT U Tﬂtlme‘UﬂiJﬂﬁGlﬁ“lJ‘tlfJL‘ifJ%UYﬂuliJ

u

= A 9 a 4
Lﬂa@ﬂl!ﬁglﬂﬁﬂﬂﬂ'JUUlUI@Wﬂ'ﬁlilf)i

MSUMINAADA Wnnaa (hF/au) HTPUTL (DF/AY)

% %

AU NN 1Y NN
YANIVAN 3.95° 0.36" 0.41° 0.07°
fogize 36.05° 1.82" 3.64° 0.37°
EUF2 44.18" 2.86" 4.56" 0.56"
EUF3 43.84° 2.33" 4.64" 0.52°
EUF6 39.95% 1.77° 432" 0.42°
Osmocote 6.26° 0.26" 0.55° 0.05°
PVP 3.42°¢ 0.18° 0.35° 0.03°
PVA 2.15° 0.16" 0.26° 0.04°
% CV 11.54 24.17 12.75 21.06

1 { v d @ { v @ % 1 1 (% aaa @ y o
mmaﬂsluﬂaanu@&nﬂuﬁ@mﬁ}’mmaaﬂmmﬁauﬂullmmﬂmdﬂummammz ummv%mu 95%

19875 DMRT



S a

d' o Y dy A ~ [ 1 1 A A 9
M13719N 5 ANVYIIAIAU 51D LLﬁ%WU‘ﬂGhJ IﬂﬂmfJ“]Jﬂ‘]JﬂWijﬁﬂﬂﬂlﬁﬂ%uﬂqulﬂaﬂﬂllﬁzlﬂaﬂﬂﬂﬂt’l

Tuleweames

U

%4

ASUMINAADY

k4
ANNINY (B,

ANNIITIN (B,

Wunly (@)

FAAIVAN 20.50% 9.83" 74.53%
fogise 39.67" 15.67° 455.47°
EUF2 37.33° 22.33° 569.15°
EUF3 33.16° 16.00" 542.77°
EUF6 37.33" 15.67" 468.45"
Osmocote 21.83° 12.5% 109.96°
PVP 18.00° 7.33° 61.19%
PVA 14.66° 12.00™ 39.83"
% CV 6.69 30.36 12.44

! A v I v A Y v v A o 1 1 @ aaa
mmaﬂiuﬂaauummﬂummmﬂm@ﬂmmmuﬂu”lmmﬂmﬂﬂumqﬁmm

1a83% DMRT

ms19i 6 511519 TuTasiou (N) Tudnazih

[

AN

AMUADIU 95%

33 N Navina/au

M3UMINAae %N

YAAIVAN 4.05° 168
fogise 4.04° 13.29°
EUF2 5.24° 24.14°
EUF3 5.12° 24.56"
EUF6 3.62° 16.63"
Osmocote 3.56° 2.16"
PVP 3.49° 1.36"
PVA 3.63° 1.05
%CV 3.53 7.08

1 = = v A 9 Y A o 1 [ o aaa
mmaEJTL!ﬂfJanummﬂuﬂﬂmmﬂﬁaﬂﬂmmmﬂHﬂHMLﬁﬂﬁNﬂHﬂNﬁﬂﬂﬂi

19875 DMRT

(%

AN

ANMUADIU 95%
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sUn 13 azthszezNune) YDIFANIINAAD (a) YAAIUAY; (b) 8i38; (c) EUF2; (d) EUF3; () EUF6;

(f) Osmocote; (g) PVP 1ag (h) PVA
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M3197 7 parauiiavesauae raslgnanaztlunszag

MSUMINAADY pH EC(@mS/cm) moisture % OM N (mg/kg) P (mg/kg) K (mg/kg)
YANIVAN 7.78 0.33 27.1 4.03' 0.20" 11.46° 818.69"
fogise 7.87 0.31 22 58" 029" 28.12° 715.41°
EUF2 7.84 0.33 10.4 6.56" 0.33° 22.55 733.73%
EUF3 7.84 0.31 22.7 6.42" 0.32% 19.09* 730.31%
EUF6 7.82 0.33 323 6.38" 032" 14.09" 761.01™
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